The satellite RNA of tobacco ringspot virus (STobRV RNA) replicates and becomes encapsidated in association vith tobacco ringspot virus. Previous results show that the infected tissue produces multimeric STobRV RNAs of both polarities. RNA that is complementary to encapsidated STobRV RNA, designated as having the (-) polarity, cleaves autolytically at a specific ApG bond. Purified autolysis products spontaneously join in a non-enyzymic reaction. We report characteristics of this RNA ligation reaction: the terminal groups that react, the type of bond in the newly formed junction and the nucleotide sequence of the joined RNA. The nucleotide sequence of the ligated RNA shows that joining of the reacting RNAs restored an ApG bond. The junction ApG has a 3'-to-5' phosphodiester bond. Thus the net ligation reaction of STobRV (-)RNA is the precise reversal of autolysis. We discuss this new type of RNA ligation reaction and its implications for the formation of multimeric STobRV RNAs during replication.
INTRODUCTION
The products of the STobRV (-)RNA autolysis reaction exhibited apparent ligation reactions (11) . When incubated in a buffered solution of magnesium ions and spermidine, P and D formed species P-D, and H formed as the major product a circular molecule, cM. We presumed that such a reverse reaction involves an attack of the 5'-hydroryl group upon a 2':3'-cyclic phosphodiester bond to form • 3'-to-5' phosphodiester bond, but the newly formed junction was not characterized. We report here the results of tests that were designed to determine whether these joining reactions are true ligations, by isolating and characterizing portions of the RNA molecule at and near the site of the expected junction. The spot containing ApG, located by ultraviolet absorbance and radioactivity, was cut out and eluted in 0.6 ml water over a period of 30 min with shaking. The vaccuum-dried sample was dissolved in 5 ul water and 1 ug each of (2'~•S'jApG and (3'-*5')ApG standards were added. The two isomers separated during chromatography on a 9 cm polyethyleneimine (PEI) CTL in 0.5 M KH2PO4. 
MATERIALS AMD METHODS

Plasmids
Terminal groups and reaction conditions for ligation
The ligation of electrophoretically purified P and D occurred readily in buffered solution of spermidine and magnesium ions but not in buffered EDTA solution (Figure 2, lanes 1 and 2) . When concentrations of P and D were increased to 3.3X the concentration used for lane 2, the radioactivity of the P-D rone increased from 18% to 271 of the total in all three zones, showing that the bimolecular reaction is concentration dependent. In another experiment, spermidine and magnesium ions were tested separately in the same buffer for their effects on the yield of P-D from electrophoretically purified P and D. After 1 hr at 25°. P-D was 52 of the total RNA in the reaction mixture that contained 6 mM MgCl2. P-D was 121 of the RNA after incubation in buffered 2 mM spermidino-HCl solution and 14% of the RNA in the three zones when both cations were present. In a solution of both cations the yield was reduced to 2.41 when the solution was incubated at 0°. for 1 hr.
Neither the phosphatase treatment nor the subsequent 5'-phosphorylation of P prevented the reaction of P with D (Figure 2. lanes 3.4) . Phosphatase treatment of D did not interfere with its reaction with P (Figure 2, lane 3) . However, when D was 5 '-phoaphorylated it failed to react with P to fora P-D (Figure 2, lane 5) . These are the expected results if reactive P is terminated with a pbosphatase-resistant, 2':3'-cyclic phosphodiester group that is attacked by the terminal 5'-hydroxyl group of D in the non-enrynic ligation reaction. bond at the junction of some of the cM or P-D molecules might have escaped detection if it sufficiently distorted the DNA-RNA hybrid, after protection with d35-68(+), to allow ribonuclease Tl digestion even under high salt conditions. Also, the junction phosphodiester bond is known to be especially reactive, so that a 2'-to-3' phosphate shift is conceivable.
A mixture of non-protected H and cM, labeled with [<J-32p]GTP, was digested the guanylate-specific ribonuclease Tl, the pyrimidine-apecific 
